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ABSTRACT 
Morphological and genetic characterization of 
tamarind are useful and important for breeding, 
commercialization and gene bank management. 
The cultivars characterized in this study were 
Intapalum, Sritong, Prakaitong, Khantee and 
Srichompoo. The comparison of five sweet 
tamarind cultivars were carried out using 
ANOVA and DMRT with 0.05 of significant 
levels. The relationship between morphological 
characteristics was calculated by the Pearson’s 
correlation coefficient. Phylogenetic analysis 
used NTSYSpc ver. 2.1 to generate a dendro-
gram of fruit characters. The quantitative 
characters (pod weight, pod diameter, and pod 
length) were significantly different. The biggest 
fruit was Sritong and the smallest was Khantee. 
Significant differences were shown on two 
qualitative characters such as pod shape and 
flesh color, while there were no significant 
difference on the seed shape, seed color and 
skin color. There were positive correlations 
among all quantitative pod characters of the 
samples. Pod weight was significantly correlated 
with pod diameter, however pod length and pod 
diameter were not significantly correlated. The 
similarity level from five sweet tamarind cultivars 
was 44-100 %. 
 
Keywords: clustering; fruit characteristic; sweet 
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INTRODUCTION 
Tamarind (Tamarindus indica L.) has high 
economic value and it is an important tropical 
fruit crops. This tree is cultivated by all tropical 
countries (Verheij & Coronel, 1992). The flesh is 
used to make some traditional food and 
beverages because the flesh is highly acidity so 
it can be combined with sugar, chili and other 
spices (Singh, Wangchu, & Moond, 2007) and 
cosmetic (Maenthaisong, Chaiyakunapruk, 
Warnnissorn, & Viyoch, 2009). Tamarind is an 
important tropical fruit tree, however there is only 
few scholars to study about it (Diallo, Mckey, 
Chevallier, Joly, & Hossaert-Mckey, 2008).  
In 2012, tamarind planting areas were 
28,904 ha located in 48 provinces in Thailand 
(Department of Agricultural Extension Thailand, 
2013 in Cuyvers, Assawaphanichkul, Ekasittipol, 
Laphasuk, & Mhuensai, 2013). According to 
Komkhuntod, Karintanyakit, Suvittawat, Tanongjid, 
& Wanichkul (2012), in Thailand, tamarind is 
identified and divided into 2 groups, namely 
sweet and sour cultivars. There are more than 
50 cultivars of sweet tamarind. Furthermore, the 
existing seedling tamarind trees offer a wide 
range of variability for the selection of outstanding 
types (Challapilli, Chimmad, & Hulamani, 1995). 
The sweet tamarind tree has unique character 
due to in the same tree, there is sour fruit 
occasionally (El-Siddig et al., 2006).  
Morphological character is a basic data for 
taxonomic studies. It is a traditional description 
and continued in agronomic studies (Babic, Babic, 
Prodanovic, Filipovic, & Andjelkovic, 2012). 
Morphological characteristics are genetic tools 
which useful for breeding, commercialization and 
gene bank management (Sarkhosh, Zamani, 
Fatahi, Tabatabaei, & Akrami, 2009; Fatahi, Ebadi, 
Vezvaei, Zamani, & Ghanadha, 2004; Santos, 
Pires, & Correa, 2012). The easier characters of 
fruit components that can be analyzed are fruit 
size, shape and general appearance (Redalen, 
1988). Cervantes & Diego (2010), informed that 
an aspect of traditional importance in the history of 
botany is plant shape description. Morphological 
characteristics were used to distinguish many 
genera and species of plants, such as the 
cultivars of Capsicum annuum which were 
classified on the basis of their fruit shapes. 
However, the morphological characters have 
some weaknesses, such as the difficulty to 
identify tribes or subfamilies because some 
similar characters (Swenson & Anderberg, 2005). 
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Furthermore, information on morphological char-
acteristics of tamarind would be useful partly in 
promoting the consumption, domestication, 
protection commercialization and development 
of the local industries for indigenous fruit trees. 
Morphological characteristics can be used 
to cluster analysis and understand the genetic 
distance or similarity. Cluster analysis is the 
most popular for classifying the germplasm and 
useful information in plant breeding (Kolluru, Rao, 
Prabhakaran, Selvi, & Mohapatra, 2007; Nemati 
et al., 2012). 
Considering the importance of morpho-
logical character data, the characterization and 
clustering of tamarind cultivars would be carried 
out in this study and it might be used as a 
baseline for cultivar selection and breeding 
programs.  
MATERIALS AND METHODS 
The study was conducted at laboratory of 
Kasetsart University, Bangkhen, Thailand, in 
January 2015. The plant materials were five 
cultivars of sweet tamarind, namely Intapalum, 
Sritong, Prakaithong, Khantee and Srichompoo. 
The experiment was conducted by using ten fruit 
samples with three replications. These cultivars 
were from Petchabun province, Thailand. 
The quantitative and qualitative characters 
were observed. The size of pod covered weight 
(g), diameter (cm), length (cm) as quantitative 
characters. Qualitative characters included skin 
color, pod shape, seed shape, seed color and 
flesh color. The skin color, seed color and flesh 
color were determined by RHS color chart. The 
pod shape was categorized by three shapes, 
namely: straight or slightly straight; curved; and 
curved in “U” shape. The seed shape was 
categorized by two shapes, namely round and 
rhomboid. 
Comparison of five sweet tamarind cultivars 
were carried out using ANOVA (Analysis of 
Variance) and DMRT (Duncan’s Multiple Range 
Test) with 0.05 of significant levels. The Pearson’s 
correlation coefficient was calculated to determine 
the relationship among morphological characters. 
Quantitative and qualitative data were converted 
into binary form, then analyzed in order to build 
dendrogram tree by using NTSYSpc ver. 2.1 
software. 
 
 
RESULTS AND DISCUSSION 
Quantitative characters were taken into 
consideration for estimating variation and 
relationship among cultivars. Based on statistical 
analysis (Table 1), there were variations in pod 
weight, pod diameter and pod length. The three 
quantitative characteristics observed were found 
significantly different among five sweet tamarind 
cultivars. Sritong had a heaviest pod weight 25.43 
g, followed by Intapalum, Prakaitong, Srichompoo 
and Khantee with 21.72 g, 21.55 g, 18.38 g and 
11.50 g, respectively. The widest pod diameter 
was Prakaitong 2.58 cm, followed by Intapalum, 
Sritong, Srichompoo and Khantee with 2.51 cm, 
2.50 cm, 2.18 cm, and 2.02 cm, respectively. 
The longest pod was Sritong 11.35 cm, followed 
by Intapalum, Srichompoo, Prakaitong and 
Khantee with 11.33 cm, 10.29 cm, 9.78 cm and 
8.77 cm, respectively. Similar results were 
reported by Nandini, Singh, & Dhanapal (2011), 
who observed that tamarind had some variations 
on length of pod, weight of pod, width of pod, 
weight of pulp, weight of seed and number of 
seed. The analysis was also similar to Okello 
(2010) who reported that there were significant 
differences on breadth of pod, mass of pod, total 
seed number and total seed mass to among 
varieties on tamarind in Uganda. 
Table 1. The value of pod weight, diameter, and 
length of five sweet tamarind cultivars 
Cultivar 
Pod weight 
(g) 
Pod 
diameter 
(cm) 
Pod 
length 
(cm) 
Intapalum 
Sritong 
Prakaitong 
Khantee 
Srichompoo 
21.72 ab 
25.43 a 
21.55 ab 
11.50 c 
18.38 b 
2.51 a 
2.50 a 
2.58 a 
2.02 c 
2.18 b 
11.33 a 
11. 35 a 
9.78 bc 
8.77 c 
10.29 ab 
Remarks: * = Average in the same row followed by 
different characters were significantly 
different at levels of 0.05 by DMRT   
The fruit length is one of the important 
characters because it distinguishes the fruit size as 
large, medium and small (Zhigila, Abdulrahaman, 
Kolawole, & Oladele, 2014). Khantee was the 
smallest fruit which had a smaller weight, 
diameter and length than other cultivars. Similar 
observation was reported by Suriyapananont 
(1993), that Khantee had a straight shape and a 
small sized fruit. The pod was straight and was 
high in production. The flesh flavor was very 
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sweet and dark brown color. The biggest fruit was 
Sritong. Suriyapananont (1993) reported that 
Sritong had a big size pod, slightly curve and 
very sweet flavor in the flesh. 
There were positive correlations among 
all quantitative characters of pods among the 
samples (Table 2). Pod weight was positive and 
has a significant correlation with pod diameter (r 
= 0.895*). However, pod length was not signifi-
cantly correlated with pod weight (r = 0.862). 
Pod length and pod diameter were not signifi-
cantly correlated (r = 0.674). All characters had 
positive correlations among them. It means that 
pod weight can be used to assume the pod 
diameter. Similar results were reported by 
Challapilli, Chimmad, & Hulamani (1995) who 
concluded that fruit weight and fruit breadth had 
positive and significant correlation in tamarind. 
 
Table 2. Pearson’s correlation (R) relationship 
among three quantitative characters 
 Pod Diameter Pod Length 
Pod Weight 0.895* 
(0.040) 
0.862 
(0.060) 
Pod Length 0.674 
(0.212) 
 
Remarks: * = Significant correlation at level of 0.05  
 
There were differences on pod shape and 
flesh color. However, there were no difference 
on seed shape, seed color and skin color. The 
skin color of five cultivars was almost the same. 
They have grey brown color but with different 
gradation (grey brown N199C – grey brown 
N199D) (Table 3). 
Based on the current study, there were two 
shapes of pod, namely round curved and round 
slightly straight (Figure 1). Omujal et al. (2014) 
reported that the proper design of post harvest 
machine processing such as handling, sorting 
and packaging can be easier if it was initiated by 
the analysis of morphological characters of 
tamarind fruits. In this research, all seeds shape 
was rhomboid, due to all cultivars were from 
sweet tamarind so the seed shape was not 
different. The seeds were very hard, shinny, 
reddish or purplish brown. 
Evaluation of genetic distance among five 
sweet tamarind cultivars based on quantitative 
and qualitative trait is shown in cluster analysis 
(Figure 2). Grouping based on quantitative and 
qualitative from five cultivars of sweet tamarind 
produced visible images of each position of 
every cultivar in dendrogram. Cluster analysis of 
five sweet tamarind cultivars based on morpho-
logical characters of fruit showed that they had 
44-100 % of genetic similarity level. 
Based on this cluster, the cultivars which 
had the greatest genetic similarity (100 %) were 
Sritong and Intapalum. According to Table 1, 
Sritong and Intapalum had different value on 
pod weight but there was no significant 
difference between them based on statistical 
analysis. It indicated that they were genetically 
similar. Among the cultivars that had the 
smallest genetic similarity (42.9 %) were 
Srichompoo and Intapalum, Sri Chompoo and 
Sritong, Srichompoo and Prakaithong. Cluster 
analysis showed relationship among cultivars 
(Adeyemi, Gana, & Yusuf, 2011). 
  
 
Table 3. Qualitative characters of five sweet tamarind cultivars 
Cultivar Skin color Pod shape Seed shape Seed color Flesh color 
Intapalum Grey Brown N 
199 D 
Round curved Rhomboid Brown 200 B Brown 200 B 
Sritong Grey Brown N 
199 D 
Round curved Rhomboid Brown 200 A Brown 200 B 
Prakaitong Grey Brown N 
199 D 
Round slightly 
straight 
Rhomboid Brown 200 A Brown 200 B 
Khantee Grey Brown N 
199 C 
Round slightly 
straight 
Rhomboid Brown 200 A Brown 200 B 
Srichompoo Grey Brown N 
199 C 
Round curved Rhomboid Brown 200 A Grey orange 
166 A 
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Remarks: A. Intapalum, B. Sritong, C. Prakaitong, D. Khantee, E. Srichompoo 
Figure 1. The fruit appearance of five sweet tamarind cultivars 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Dendrogram tree showing the clustering of five sweet tamarind cultivars 
E D 
B A C 
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Genetic diversity is an important aspect in 
plant breeding program because it is an 
essential material for parent selection based on 
parental forms (Bocianowski, Łuczkiewicz, Kozak, 
& Brzeskwiniewicz, 2008). Therefore, the under-
standing of genetic distance or genetic similarity 
is important in the parent selection in breeding. 
Hence, for the future breeding programs, the 
genotypes which have the lower genetic similarity 
can be used as parents (Nandini & Ratan, 2012). 
CONCLUSION 
Cluster analysis of five sweet tamarind 
cultivars had 44-100 % of genetic similarity level. 
The quantitative characters (pod weight, pod 
diameter and pod length) were significantly 
different. The biggest fruit was Sritong and the 
smallest was Khantee. There were differences 
of pod shape and flesh color. However, there 
were no differences on seed shape, seed color 
and skin color. There was a positive correlation 
among all quantitative characters of pods in the 
samples. Pod weight was significantly correlated 
with pod diameter, while pod length and pod 
diameter were not significantly correlated. 
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